Does the complexity of coronary artery disease affect outcomes after complete revascularization with long segmental reconstruction of the left anterior descending artery using the left internal thoracic artery? Interact CardioVasc Thorac Surg 2015;21:308-15. Does the complexity of coronary artery disease affect outcomes after complete revascularization with long segmental reconstruction of the left anterior descending artery using the left internal thoracic artery? Abstract OBJECTIVES: We evaluated the influence of the complexity of coronary artery disease stratified by the Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score on early or late outcomes after complete revascularization with long segmental reconstruction of the left anterior descending artery using the left internal thoracic artery.
INTRODUCTION
The 5-year results of the Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) trial, which compared coronary artery bypass grafting (CABG) with percutaneous coronary intervention (PCI) for the treatment of patients with left main (LM) disease or triple-vessel disease (3-VD), recently revealed that CABG remains the standard of treatment for patients with complex coronary artery disease (CAD) (high or intermediate SYNTAX score) [1] , and guidelines on myocardial revascularization also recommended surgical revascularization for complex CAD [2] . However, with the recent advances in PCI, patients recommended to undergo CABG are presenting with more diffuse and severe CAD than previously, and the optimal surgical coronary revascularization technique for complex CAD remains controversial.
Several studies have focused on the influence of the complexity of CAD on outcomes after CABG. These studies have shown that the complexity of CAD affects the occurrence of short-or mid-term major adverse cardiac and cerebrovascular events (MACCEs) in patients undergoing CABG, similar to PCI [3] [4] [5] . Conversely, the complexity of CAD did not affect the outcomes 2 years after CABG [6] . However, the influence of the complexity of CAD on late outcomes after CABG surgery remains unknown.
In CABG surgery, grafting of the internal thoracic artery (ITA) to the left anterior descending (LAD) artery has been proved to be the most effective strategy with excellent long-term outcomes [7, 8] . Similarly, complete revascularization has been shown to correlate with improved early and late postoperative outcomes [9] [10] [11] . Nevertheless, a diffusely diseased LAD cannot be completely revascularized by conventional grafting to the distal LAD alone because side branches diverging from the diseased segments would not be perfused. We have been operating on diffusely diseased LADs with long segmental LAD reconstruction with or without endarterectomy (EA) using ITA grafts, and analysed our experiences regarding outcomes and graft patency by performing several studies [12, 13] . We always aggressively attempt complete revascularization whenever possible. Therefore, the main objective of this retrospective study was to evaluate the impact of complex CAD stratified by the SYNTAX score on early and late outcomes after complete revascularization with long segmental LAD reconstruction using the left ITA (LITA) in patients with 3-VD and/or LM disease.
MATERIALS AND METHODS

Study design and patient population
We retrospectively assessed 102 consecutive patients with 3-VD and/or LM disease who underwent long segmental LAD reconstruction (≥2 cm) with or without EA using the LITA in addition to primary isolated CABG at Osaka City General Hospital from March 1995 to December 2003. These patients constituted 12.5% of all patients undergoing isolated CABG during the same period. Long segmental LAD reconstruction was defined as CABG using a segmental anastomosis of >2 cm in length. Complete revascularization was defined as bypass grafting to all major diseased and graftable coronary artery segments of approximately ≥1.25 mm in diameter including diagonal branches, marginal branches or right coronary distributions, with significant flow-compromising lesions [10, 14] . Preoperative and operative data were obtained by retrospective review of the clinical and operative records. The preoperative angiograms of patients were assessed according to the SYNTAX score. The score was retrospectively calculated by a single team comprising a cardiac surgeon and an interventional cardiologist. The patients were divided into two groups according to the median SYNTAX score of 32 (low group, <32; high group, ≥32). The preoperative variables are summarized in Table 1 . The mean SYNTAX score was 25.9 ± 4.2 in the low group and 37.3 ± 5.5 in the high group (P < 0.01). There were more patients with LM disease in the high group than in the low group (P < 0.01). Follow-up information was obtained by direct communication with the patient, postal questionnaire or telephone interview. Unsuccessful attempts to trace patients were followed by contact with a family member or the referring physician. The all-cause mortality and MACCE-free survival rates were assessed. The study protocol was approved by the institutional review board of our institution, and the need for patient consent for inclusion was waived.
Study objectives and end points
The main objective of this retrospective study was to analyse the influence of CAD complexity on early or late outcomes in patients undergoing complete revascularization of 3-VD and/or LM disease with a diffusely diseased LAD treated by long segmental LAD 
Surgical approach and techniques
During the study period, on-pump CABG was the first treatment choice in our institute (100 patients, 98%). The operative variables are presented in Table 2 . All patients underwent long segmental reconstruction of the LAD (≥2 cm) with or without EA using the LITA. The indications and techniques used for long segmental reconstruction of the LAD using the LITA were similar to those previously reported [12, 13] . EA of the LAD was performed in 34 patients (18 in the low group, 16 in the high group, P = 0.58), and extensive LAD reconstruction (≥4 cm) was performed in 42 patients (22 in the low group, 20 in the high group, P = 0.57).
Complete revascularization was always performed using the ITA, saphenous vein, radial artery, gastro-epiploic artery or inferior epigastric artery. We bypassed ischaemic territories with vessels of approximately ≥1.25-mm diameter, including side branches of the right coronary artery (RCA), left circumflex coronary artery (LCX) and occasionally the LAD if feasible. The mean number of distal anastomoses was 4.2 ± 1.1 (4.1 ± 1.2 in the low group, 4.4 ± 1.0 in the high group, P = 0.14), and 97 patients (96%) underwent complete revascularization (92% in the low group, 98% in the high group, P = 0.20). Onlay-patch grafting with or without EA to the other territories (RCA or LCX) was performed in 41 patients (19 in the low group, 22 in the high group, P = 0.66). We used saphenous vein grafts in 82 patients and arterial grafts except for the LITA in 57 patients (radial artery in 47 patients, right ITA in 11, gastroepiploic artery in 4 and inferior epigastric artery in 7). Composite grafting using those arterial grafts to achieve complete revascularization was performed in 18 patients. All-arterial grafting using bilateral ITA, radial artery, gastro-epiploic artery or inferior epigastric artery was more frequent in the low group (28%) than in the high group (10%) (P = 0.02). All patients underwent postoperative anticoagulation therapy. Low-molecular-weight heparin was initiated after confirmation of haemostasis. Low-dose aspirin and warfarin (with a target international normalized ratio of 2.0) were started after the patients had resumed oral intake and were continued indefinitely in all patients. Intravenous heparin was discontinued after the warfarin had taken effect.
Statistical analysis
All data were analysed with StatView software version 5.0 (SAS Institute, Inc., Cary, NC, USA). All mean values in the tables are expressed as the mean ± standard deviation. The χ 2 test or Fisher's exact test was used to compare categorical data. Comparisons between the two main groups were made using Student's t-test for continuous variables. Patient survival was determined by the Kaplan-Meier method. The survival rate between groups was compared with the log-rank test. Cox proportional hazards models were used to identify significant preoperative and operative predictors of mortality and MACCEs. Values of P < 0.05 were considered statistically significant.
RESULTS
Early results
The early results are summarized in Table 3 . There were three early deaths (respiratory failure in the low group, low-output syndrome and ventricular fibrillation in the high group), and the overall early mortality rate was 2.9%. No patient required re-exploration for bleeding, and there were no significant differences in the occurrence of postoperative complications between the two groups. Eighty-seven patients (85%) underwent early postoperative angiography, and the Fitzgibbon grade A patency rate of the LITA was 98% (85 of 87 patients) [15] . However, occlusion of the distal LAD was observed in 6 patients, all of whom had undergone LAD reconstruction with EA. Of these patients, one required a reoperation to revascularize the LAD with the right ITA. In the other 5 patients with distal LAD occlusion, diagonal branches and septal perforators provided good run-off to the patent LITA.
Long-term results
Of the patients who survived, 11 were lost to follow-up, giving a follow-up rate of 89.2% (91 of 102 patients) and median follow-up time of 9.4 ± 0.6 years (range, 0.1-18.9 years). Table 4 reports the incidences of all causes of death and MACCEs. There were 36 deaths, including 7 cardiac-related deaths (in-hospital death, 3 patients; heart failure, 3 and myocardial infarction, 1). Stroke occurred in 9 patients (7 in the low group, 2 in the high group). Myocardial infarction occurred in 3 patients (2 in the low group, 1 in the high group). Repeat revascularization was required in 10 patients (5 in the low group, 5 in the high group). The repeat revascularization-free rates at 5 and 10 years were 98 ± 2 and 92 ± 5% in the low group, and 98 ± 2 and 93 ± 4% in the high group, respectively (P = 0.96). Only 1 patient in the low group (preoperative SYNTAX score of 31.5) required PCI to the LAD 8 years after extensive LAD reconstruction (6 cm) with EA. There was no significant difference in either the overall survival rate or MACCE-free survival rate between the low and high group (Figs 1 and 2) . The hazard ratio of SYNTAX score for early mortality was 0.94 (95% confidence interval: 0.88-1.01) and for MACCEs was 0.97 (95% confidence interval: 0.92-1.02) ( Table 5) .
DISCUSSION
In this retrospective study, we found that the preoperative CAD complexity did not affect early or late outcomes after complete revascularization with long segmental LAD reconstruction using the LITA. In the SYNTAX trial, a significant correlation between the SYNTAX score and MACCEs was observed in the PCI group. In contrast, no such relationship was found in the SYNTAX CABG population [1, 6] . Several studies have focused on the influence of CAD complexity stratified by the SYNTAX score on outcomes after isolated CABG [3-6, 16, 17] . Birim et al. [3] examined the outcomes of 148 patients with LM disease undergoing primary CABG and reported that the SYNTAX score was the single predictor for Figure 1 : Kaplan-Meier event-free survival for all causes of death. Patients were divided into two groups according to the median SYNTAX score: high group (SYNTAX score of ≥32; n = 52; solid line), and low group (SYNTAX score of <32; n = 50; broken line). Survival rates at 10 years were 76 ± 7 and 62 ± 7% for the high and low groups, respectively; P = 0.16. 
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MACCEs 1 year postoperatively. In a study of 716 patients with de novo LM disease or 3-VD undergoing isolated CABG, CarneroAlcazar et al. [4] demonstrated that a higher SYNTAX score was associated with a higher incidence of in-hospital and mid-term MACCEs. Melina et al. [5] also reported that the incidence of MACCEs was significantly higher in patients with a SYNTAX score of ≥33 (P < 0.01) at a median follow-up of 43 months in 191 patients with a left ventricular ejection fraction of ≤40% who underwent isolated CABG. Conversely, no relationship was found between the SYNTAX score and post-procedural MACCEs in the retrospective studies by Lemesle et al. [18] or Holzhey et al. [19] .
The discrepancy in these results may have resulted from differences in the study design ( prospective or retrospective), patient population (number of patients, types of comorbidities, complexity of CAD), revascularization techniques (off-or on-pump CABG, graft materials) or definition of complete revascularization. Accordingly, the full effect of the complexity of CAD on outcomes after CABG, especially late outcomes, remains unknown. Both complete revascularization and the use of the ITA grafted to the LAD are well recognized as the ideal treatment to obtain excellent long-term CABG results [7] [8] [9] [10] [11] . In fact, Mohr et al. [6] as well as other authors [3, 4] have indicated that incomplete revascularization rather than the complexity of CAD adversely affects postoperative outcomes. Regarding complete revascularization, however, various definitions have been used and no single definition is universally accepted at present. Ngaage et al. [11] showed the superiority of grafting small coronaries (1.25 mm or less in diameter) and complete revascularization in 5171 patients in the early postoperative periods. Kleisli et al. [10] reported the improvement of 5-year survival by both complete revascularization and arterial grafting in 1034 patients. On the other hand, there were studies that showed no superiority of complete revascularization compared with incomplete revascularization [16, 17] , and multiple grafting was reported to result in worse survival in the Bypass Angioplasty Revascularization Investigation trial [14] .
We have been bypassing all major diseased and graftable coronary arteries with significant stenosis that was evaluated by angiography during the study periods, and also treating diffusely diseased LADs by long segmental reconstruction using ITA grafts, which involves techniques such as long LAD arteriotomy beyond the diseased segment with or without EA and onlay-patch anastomosis because conventional bypass grafting to the distal LAD alone cannot provide a sufficient blood supply to diagonal branches and septal perforators. We previously reported both the outcomes and angiographic results of this surgery [12, 13] . Approximately 40% of Figure 2 : Kaplan-Meier event-free survival for major adverse cardiac and cerebrovascular events. Patients were divided into two groups according to the median SYNTAX score: high group (SYNTAX score of ≥32; n = 52; solid line), and low group (SYNTAX score of <32; n = 50; broken line). Survival rates at 10 years were 68 ± 7 and 49 ± 8% for the high and low groups, respectively; P = 0.09. patients in the present study also underwent onlay-patch grafting with or without EA to treat diffusely diseased RCA or LCX territories. The mean number of distal anastomoses was 4.2 ± 1.1, which is relatively higher than in other reports [5, 10] , and complete revascularization was achieved in 96% of patients (92% in the low group, 98% in the high group, P = 0.20). During the follow-up period, only 1 patient in the low group required PCI to the endarterectomized LAD 8 years postoperatively. The 10-year actuarial survival rate was 62% in the low group and 76% in the high group (P = 0.20). The revascularization-free rates at 5 and 10 years were 98 ± 2 and 92 ± 5% in the low group and 98 ± 2 and 93 ± 4% in the high group, respectively (P = 0.96), which are relatively better than those in the SYNTAX CABG population [1] . Operative risks must be considered when treating diffusely diseased coronary arteries and bypassing all major diseased coronary arteries because revascularization of these coronary arteries may require more highly developed surgical skills and be accompanied by operative risks [20] . Thus, measurement of the fractional flow reserve (FFR) as well as angiography and use of risk-stratification models such as the EuroSCORE II to achieve optimal revascularization may be appropriate. Nevertheless, the FFR measurement of all diseased segments may not be actual, and the risks of revascularization of diffusely diseased coronary arteries cannot be calculated using these risk-stratification models. In fact, only three in-hospital deaths occurred in the present study (early mortality rate of 2.9%). Of these 3 patients, 2 underwent emergency surgery because of unstable angina. Other studies on coronary EA have also demonstrated acceptable clinical results [21] [22] [23] [24] [25] . Thus, we believe that bypassing all major diseased coronary arteries (functional complete revascularization) with long segmental LAD reconstruction using the LITA can be safely performed and that excellent longterm results can be expected even in patients with complex CAD.
Our study has several limitations. First, it was a retrospective observational study without randomization. Second, this retrospective study was conducted at a single centre, and retrospective SYNTAX score assessment by a single team, even if consisting of an experienced surgeon and an interventional cardiologist, may generate further bias. Third, the number of patients was relatively small and multivariate analysis may have not statistical power. Finally, we were unable to follow-up all patients.
In conclusion, the complexity of CAD had no impact on early or late outcomes after complete revascularization with long segmental LAD reconstruction using the LITA, and excellent long-term outcomes can be expected even in patients with complex CAD. In the current era, this technique with simultaneous coronary EA may be indispensable for cardiac surgeons and should be the procedure of choice for treating complex CAD. Yoshihiro et al. present important data regarding the effect of Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score on survival after long segmental reconstruction of the left anterior descending artery using the left internal thoracic artery [1] . Their work raises a number of important questions.
The study period spanning 1995-2003 indicates the unusual nature of this procedure in their practice as only 102 patients were available for analysis. This is consistent with our practice, however such a long time span, in a small patient sample, may require a sophisticated analysis to take account of advances in care [2] .
Statistical significance has to be biologically plausible to obtain scientific acceptance. The finding on univariate analysis that a high SYNTAX score is associated with improved long-term survival is difficult to explain, as a previous study identifies no difference or a high SYNTAX score being detrimental [3] .
Statistical errors occur when studies are underpowered. The inclusion of 102 patients into 2 groups makes the likelihood of a type I error high [4] . Based on the Kaplan-Meier curves presented, a 10% survival advantage at 10 years would need a study size of 219 patients per limb or 438 patients in the total study group. Yoshihiro et al. lost 10 patients to long-term follow-up, further increasing the chance of a type I error occurring. The preoperative patient risk factors were unlikely to be significantly different again secondary to the low number of patients in each group, giving a false sense of matching.
The SYNTAX score documents number of lesions, calcifications, and tortuosity, i.e. factors that affect stent placement via percutaneous coronary intervention. SYNTAX does not include diffuse disease in the wall of the vessel necessitating endarterectomy and long segmental reconstruction.
Previous work has identified the SYNTAX score as not being a significant risk factor for long-term survival post-CABG [5] . As the SYNTAX score is not related to the need for long segmental reconstruction it would not be surprising that it is not related to long-term survival, however an adequately powered study would be needed to answer this question in a definitive manner. We thank Yoshihiro et al. for their important work in this very surgically challenging subset of patients.
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